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A multitude of factors appear to regulate the
transport of sodium chloride in the mammalian
nephron. Considerable effort has been spent over
the past 15 years in attempting to characterize the
mechanisms of action of the various humoral, neu-
rogenic, and "physical" factors that interact to
regulate renal salt excretion. Included in this list are
the renal prostaglandins.
The observation that prostaglandins are natriuret-
ic under certain experimental circumstances [11 has
stimulated investigation directed at elucidating
whether the renal prostaglandins have a direct
effect on membrane transport of sodium chloride.
The attractiveness of demonstrating such an effect
lies in the fact that the existence of a locally acting
hormone produced by the kidney itself could ex-
plain many of the enigmas related to the regulation
of salt excretion by invoking feedback regulation
linked to segmental delivery and blood flow distri-
bution.
With the wisdom of hindsight, it has become
evident that much research in this area has been
misdirected. Inappropriate prostaglandins, often
used in pharmacologic doses, delivered to areas of
renal parenchyma unaccustomed to their presence,
together with the confusing effects of hemodynamic
alterations in conscious versus anesthetized ani-
mals, have produced an array of conflicting data
that are open to alternative interpretations [21.
The solution to this confusion is obviously to
design an "ideal experiment." The question we
would like to answer, stated in its simplest terms, is
as follows: Do prostaglandins directly stimulate or
inhibit transport of sodium chloride in one or more
segments of the nephron?
physical factors that alter sodium chloride trans-
port. Studies on substances that directly alter mem-
brane transport of sodium chloride such as diuretics
[3], vasopressin [41, or the uremic natriuretic factor
[5] would suggest that an in vitro preparation of
perfused or nonperfused renal tubules is an ideal
model for this purpose. Such systems allow for
precise control of the peritubular and luminal envi-
ronment and permit "control" and "experimental"
measurements of fluxes to be made in the same
tubule.
Next, it is important to establish whether or not
the tubule manufactures its own prostaglandins
(P0's). If it does not, it is conceivable that its
transport could be regulated by PG's produced by
extratubular cells, such as those that exist in the
renomedullary interstitium [61. If the tubules do
manufacture their own PG's, it would be necessary
to determine whether alteration of endogenous syn-
thesis by the tubule results in an altered rate of
sodium chloride transport. If exogenous PG's are
used as probes, they must show effects at concen-
trations that approximate those which exist in vivo
(1O to iO-' M) [7] in order to be able to relate their
effects to combination with specific binding sites or
receptors. At higher concentrations, their effects as
lipid solute acids may relate more to their lipid
solubility and/or their acidity and may be entirely
nonspecific. Finally, any demonstrable effects
should be completely reversible in order to exclude
from consideration possible "toxic" effects of these
substances.
It is evident, therefore, that the following issues
must be addressed: (1) identification of nephron
Designing the experiment
To approach this question, we must exclude from
consideration the other important humoral and
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segment(s) that produce(s) PG's, (2) evaluation of
the effect of inhibition or stimulation of PG synthe-
sis in such a nephron segment on net sodium
chloride transport, (3) evaluation of the effects of
exogenous PG's at low concentrations on sodium
chloride transport and the demonstration that such
an effect is reversible, (4) demonstration that PG's
selectively affect a specific transport process, that
is, active sodium transport or active chloride trans-
port and thus act on or in a specific segment of the
nephron.
Effects of exogenous prostaglandins on the collecting
tubule
There are two studies in the literature that dem-
onstrate an inhibitory effect of PGE2 on sodium
transport across the isolated perfused rabbit corti-
cal collecting tubule (CCT). In the first, Stokes and
Kokko [8] evaluated the effect of PGE2 on collect-
ing tubules obtained from DOCA-treated rabbits in
which baseline sodium chloride transport was great-
ly increased. These workers found that POE2 at a
concentration of l0 M inhibited the negative po-
tential of the CCT by >26% and reversibly inhibited
net sodium transport out of the lumen by inhibiting
efflux.
A similar study was performed by lino and Imai
[9] who examined the effects of PGE2, PGE1, and
PGF2a at concentrations of i0 M or lower on CCT's
and outer medullary collecting tubules from both
DOCA-treated and non-DOCA-treated rabbits.
None of the PG's had an effect when introduced
into the lumen, but when introduced into the bath,
they inhibited net sodium reabsorption in both
segments and reversibly decreased luminal negativ-
ity.
Our experience [101 contrasts with that described
above. The effects of both low (10'° and iO M)
and high (2.5 x l0 M) bath concentrations of
PGE2, PGF2a, and PGA2 were examined in isolated
perfused rabbit medullary collecting tubules studied
in artificial solutions. The medullary segments were
selected because they appear to be the most likely
targets for the PG's that are found in highest
concentrations in the renal medulla. The results are
shown in Fig. 1, control values being computed as
the mean of the pre- and post-experimental periods.
No effects of PG's on potential difference (PD) or
net sodium flux at either low or high concentrations
were observed.
The possibility was considered that differences
between our results and those described above
could be due to differences in basal transport rates
0
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Fig. 1. Effects of high- and low-dose prostaglandins on transepi-
thelial potential difference (PD) and net sodium flux (.JN) of
isolated perfused rabbit medullary collecting tubules. C denotes
control.
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Fig. 2. Effect of io- M PGE2 and its vehicle alone in the bath on
transepithelial potential difference (PD) of isolated perfused
cortical collecting tubules obtained from DOCA -treated rabbits.
induced by DOCA [8]. We consequently evaluated
the effects of PGE (10- M) on the PD of CCT's
obtained from rabbits maintained on DOCA (5
mg/day) for 5 to 7 days prior to the study [11]. The
study was performed in a blind fashion. The results
are shown in Fig. 2. No effect of POE2 Ofl PD could
be demonstrated. We have recently repeated these
studies in DOCA-treated and potassium-loaded rab-
bits using the identical bath and perfusate described
by Stokes and Kokko [8] (except that 5% rabbit
serum rather than 5% fetal calf serum was used),
and, once again, were unable to demonstrate an
inhibitory effect of POE2 (l0 M) on transepithelial
PD. Of interest is the fact that if the 5% rabbit serum
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is omitted from the bath, this same concentration of
PGE2 has an inhibitory effect on PD that is irrevers-
ible. No recovery of PD was observed in any of the
tubules studied when the PGE2 was removed from
the bath.
If PG's do indeed inhibit transport of sodium out
of the lumen of cortical and medullary collecting
tubules and act from the peritubular surface, they
would be expected to reduce the extrusion of sodi-
um from the cell by inhibiting the active transport
step at the peritubular surface in a manner analo-
gous to ouabain. The intracellular sodium concen-
tration should rise under these circumstances.
Dunn and Howe examined the effects of PGE,
PGA, and PGF2a (1O to 10_b M) on net fluxes of
sodium between the intracellular and extracellular
compartment of a suspension of rabbit renal cortical
and medullary tubules 1112]. No effects of PG's
could be demonstrated, and the authors concluded
that the natriuretic effects of PG's could not be as-
cribed to direct inhibition of sodium transport at the
contraluminal pump site. It is also possible, how-
ever, that PG's could inhibit net transport of sodi-
um by inhibiting intracellular entry of sodium at the
luminal membrane. The studies of Dunn and Howe
[121 were not designed to evaluate this possibility.
Despite the fact that all of the studies cited above
meet many of the criteria that we feel are required
for adequate interpretation of the data (that is, low-
dose PG's and reversibility), the results from differ-
ent laboratories are conflicting and cannot be as-
cribed to obvious differences in methodology.
Modulation of endogenous prostaglandin synthesis by
the collecting tubule
If PG's are purported to inhibit collecting tubule
sodium transport, it is important to know whether
the collecting tubule itself synthesizes PG's and
whether modulation of such synthesis can alter net
sodium transport. There is evidence in the literature
based on indirect methods such as cyclooxygenase
antigenicity and cyclooxygenase-positive fluores-
cence [13] and histochemical localization of PG
synthetase [14] that PG's are, in fact, synthesized
by the collecting tubule. We have recently evaluat-
ed this more directly by incubating cortical and
medullary collecting tubules with 3H-arachidonic
acid and identifying the PG's synthesized using
thin-layer chromatography (Kirschenbaum, Lowe,
Trizna, Fine, unpublished observations). We have
found that the rabbit collecting tubule synthesizes
PGE2, PGF2a, and PG!2 and thromboxane B2 in
vitro and that approximately 50% of this synthesis
can be inhibited by indomethacin and meclofena-
mate.
If PG's are indeed modulators of sodium chloride
transport in the collecting tubule, inhibition of their
synthesis should also alter the rate of transport. We
have approached this question in two ways. First,
we administered indomethacin to rabbits 2 hours
prior to studying the collecting tubules in vitro [101.
This was done in an attempt to lower endogenous
levels and thus to sensitize the tubules to exogenous
PG's in vitro. No effect of exogenous PG's was
seen. Second, we added different inhibitors of PG
synthesis directly to the bath and measured sodium
chloride transport after 1 hour of exposure to these
agents. Within this period of time, endogenous
synthesis is inhibited by 50%. As depicted in Fig. 3,
no effect was observed with three different inhibi-
tors of PG synthesis [10].
From all the above, we believe that PG's do not
directly modulate sodium transport by the collect-
ing tubule.
Effects of exogenous and endogenous prostaglandins on
the thick ascending limb of Henle's loop
We performed studies similar to those described
for the collecting tubule on the medullary thick
ascending limb of Henle's loop [10]. The segments
were bathed in normal rabbit serum and perfused
E
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Fig. 3. Effects of inhibitors of prostaglandin synthesis added to
the bath for 1 hour on transepithelial potential difference (PD)
and net sodium flux (JN) of isolated perfused rabbit medullary
collecting tubules.
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Fig. 4. Effects of high- and low-dose prostaglandins on transepi-
thelial potential difference (PD) and net sodium flux (JN,) of
isolated perfused rabbit medullary thick ascending limbs,
with an isosmolal ultrafiltrate of the serum. As
depicted in Fig. 4, no effects of either high- or low-
dose PG's on PD or net sodium transport were
observed. Similarly, inhibitors of PG synthesis add-
ed to the bath were without effect (Fig. 5).
Subsequent studies by Stokes [15] revealed an
inhibitory effect of PGE2 on the medullary thick
ascending limb, if the segments were perfused and
bathed in hypertonic or isotonic artificial solutions.
There was no such effect if serum was used as the
bath. No effect was observed in the cortical thick
ascending limb regardless of the solutions used. Of
note is the fact that where PD and net chloride flux
were inhibited by PGE2, there was no recovery of
function when it was removed.
These results must be interpreted with caution for
a number of reasons. First, the lack of effect in
serum in the face of an inhibitory effect that was
reversible in artificial solutions only at low concen-
trations (lO M) strongly suggests that the effect
was nonphysiologic. Second is the surprising fact
that the same worker has demonstrated inhibition of
net sodium transport in the collecting tubule (pre-
sumably inhibition of active sodium transport) and
inhibition of chloride transport in the ascending
limb, a segment in which active chloride transport is
probably the predominant mechanism of net sodium
chloride transport. This lack of specificity raises the
possibility that the observed changes may not be
8
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Fig. S. Effects of inhibitors of prostaglandin synthesis added to
the bath for 1 hour on transepithelial potential difference (PD)
and net sodium flux (JN,) of isolated perfused rabbit medullary
thick ascending limbs.
mediated by a specific hormone-receptor interac-
tion and that, even at the low concentrations used in
these studies, prostaglandins may have nonspecific
effects on cell membranes.
Conclusions
Based largely on our own experimental data, our
conclusion is that sodium chloride transport in the
mammalian nephron is neither inhibited nor stimu-
lated by the renal PG's. Discrepancies that have
arisen from work in different laboratories need to be
resolved by additional studies, preferably per-
formed in a double-blind fashion.
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